
ECOSYSTEM PRODUCTIVITY AND THE GLOBAL CARBON CYCLE 
 
A diverse set of publications arises from Ecosystem Productivity and the Global Carbon Cycle 
for 2002.  Papers range from new physiologically based photosynthetic modeling, to ship 
surveys, to global decadal trends. 
 
Behrenfeld et al. provide new parameterizations based on light acclimation and nutrients to 
improve primary production models, and also outline a summary of the analysis of global scale 
primary production. 
 
In the Antarctic, Arrigo et al. documented the potential effects of an iceberg on ecosystem 
dynamics.  They found the iceberg reduced primary production more than 40% below normal 
and altered the abundance and behavior of upper trophic level organisms. 
 
Atkinson et al described ecosystem of physical dynamics in the coastal waters off Chile.  Their 
observations utilized in situ sampling and satellite data to describe spatial variability in relation 
to upwelling, river runoff, intrusion of eddies, mixing and heating. 
 
A longer set of cruise observations by Barlow et al in the Atlantic Ocean were used to 
characterize phytoplankton pigment characteristics.  These pigments are indicative of ecosystem 
functionality, and indicated major changes across the various physical/biogeochemical regimes 
encountered in the greater North Atlantic. 
 
Finally, Gregg and Conkright used a reanalysis of historical ocean color data to observe a six 
percent decline in global chlorophyll concentrations from the early 1980's to the present.  Larger 
declines were observed at the high latitudes, while low latitudes indicated an increase.  The 
changes have major implications for the global carbon cycle and climate change. 
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[1] The physical oceanography of the biologically productive coastal waters of central
Chile (36� to 40�S) is relatively unknown. In December 1998 we made a short exploratory
cruise between Valdivia (40�S) and Concepción (37.8�S) taking temperature, salinity,
oxygen, and current velocity profiles. Coincident sea surface temperature and color
measurements were obtained by satellite. The results showed an area dominated by wind-
induced coastal upwelling, river runoff, intrusion of offshore eddies, mixing, and heating.
Upwelling centers were found over the shelf at three locations: inshore of Mocha Island,
off Valdivia, and off Lavapie Point. At these centers, equatorial subsurface water (ESSW)
intrudes into the coastal waters, sometimes affecting the surface waters. Since ESSW has
characteristically low-oxygen and high-salinity values, it is easily detected. Off Valdivia,
runoff imparts stratification, while farther north, solar heating and reduced mixing may
facilitate stratification. In some areas, even strong winds would not destroy the
stratification imparted by the advection of buoyancy that occurs during the upwelling
process. Strong equatorward currents (>1 m s�1) in the form of an upwelling jet were
found off Lavapie Point. This is also the location of an intruding anticyclone. Elsewhere,
currents were mainly northward but highly variable because of intrusions from offshore
eddies. The sea surface temperature and ocean color images show a complex field of
onshore and offshore intrusions combined with the effects of mixing on chlorophyll
concentrations. The residence time of upwelled water on the shelf is estimated to be less
than 1 week. INDEX TERMS: 4279 Oceanography: General: Upwelling and convergences; 4516

Oceanography: Physical: Eastern boundary currents; 4528 Oceanography: Physical: Fronts and jets;
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1. Introduction

[2] The coastal waters of Chile are unique because a
combination of meteorological and oceanographic processes
and geography has created one of the world’s most bio-
logically productive ocean areas. The coast extends in a
nearly north/south direction over 40� of latitude (not includ-
ing the Antarctic) bordered by the Andes to the east and the
Peru-Chile Trench to the west. Thus Chilean coastal waters
lie between two of the highest relief features on Earth. Over
this vast latitudinal range, climatic conditions vary from arid
to subantarctic with upwelling winds off northern Chile,
downwelling winds off southern Chile, and strong west-
erlies and considerable variability between. Rainfall toward
the north is in some places nonexistent, while farther south
it is quite high. The extremely high productivity of the
Chilean coastal waters is attributable to upwelling of
nutrient rich Peru-Chile Undercurrent water [Strub et al.,
1998] and processes that maintain biological populations in
the shallow coastal waters.
[3] In December 1998 we made an exploratory cruise

along the coast between Valdivia (40�S) and Concepción
(37.8�S). This region is noted for its extremely high

biological productivity that sometimes provides 4% of
the world’s fish catch. Our preliminary results, based on
a unique but sparse data set, show the structure of
currents, upwelling centers, and low-salinity water along
the coast and the relationship to satellite-derived SST and
chlorophyll.

2. Regional Setting

[4] The region studied has a broad shelf that gradually
narrows to the north at Lavapie Point (Figure 1). The shelf
is about 50 km wide south of Tucapel Point with Mocha
Island lying on the outer shelf marking the widest and
shallowest part of the shelf. North of Tucapel Point the shelf
narrows to about 10 km then starts to widen again at
Lavapie Point. The broad and shallow Gulf of Arauco lies
northeast of Lavapie Point. The Gulf of Arauco is a large
embayment with Santa Maria Island lying offshore inline
with the coast to the south. The Bio Bio River flows into the
northern end of the Gulf, and the submarine canyon
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associated with the Bio Bio River crosses the shelf west of
its present mouth.
[5] It is important to note two geographic features that

affect the wind field. The first feature is change in coastline
direction at Lavapie Point. South of Lavapie Point the

trends toward 355�T, while north of Lavapie Point
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the shore trends toward 20�T. The Gulf of Arauco itself
represents a large-scale equatorward facing embayment in
the 20�T trending coast. Response to upwelling winds
depends on the changing trends of the general bathymetry
that follows the shoreline. The changing shoreline direction
and diverging isobaths at Lavapie Point would induce
upwelling in a northward flowing current [Arthur, 1965;
Blanton et al., 1981].
[6] The coastal wind field may also be affected by the

presence of a coastal range of mountains extending from
Concepción southward to the latitude of Mocha Island: the
Cordillera de Nahuelbuta. North and south of the Cordillera
de Nahuelbuta the coastal range is relatively low in relief.
However, maximum heights in the range reach over 1000
m. These heights may cause intensified winds in the
adjacent coastal waters.
[7] River flow into the region consists of the Bio Bio

River (36.8�S) to the north and the Imperial River (38.8�S),
Tolten River (39.2�S), Queule River (39.6�S), and the Calle
Calle River (39.8�S) to the south. The previously mentioned
cordillera blocks westward flowing rivers in the central part
of the region. The total flow in the region from 37� to 40�S
is about 3100 m3 s�1 or 100 km3 yr�1 [Davila et al., 2000].
This amount of flow is not large but would be expected to
produce areas of low salinity and coastal currents for a few
tens of kilometers around the river mouths during the rainy
winter season and early summer when the snow melts.
South of 40�S the river flow increases significantly relative
to flow to the north.
[8] The water mass and general circulation characteristics

off central Chile were recently summarized [Strub et al.,
1998], so we will keep the review here to a minimum.
Wind-driven coastal upwelling is the dominant process in
the area during the summer. The cold, salty, nutrient-rich,
oxygen-poor equatorial subsurface water (ESSW) flowing
southward in the Peru-Chile Undercurrent upwells across
the shelf and often intrudes to the coast [Gunther, 1936;
Silva and Neshyba, 1979].
[9] Satellite-derived sea surface temperature imagery

[Cáceres, 1992] shows filaments and offshore eddies in
the region. Offshore anticyclonic eddies are most often
found north of Lavapie Point. Offshore-flowing filaments
are concentrated in the region just north of Mocha Island
and off the Gulf of Arauco. Our data show that offshore and
onshore flow affects the inshore waters that we sampled.

3. Methods

[10] In this section we review the methods used and
sources of data. The observations were made from the
R/V Kay Kay operated by the Universidad de Concepción.
Between 8 and 11 December 1998 the ship was taken along
a path up the coast in a pattern dictated by the schedule and
weather (Figure 1). Courses were laid out to sample the
coastal current, upwelling centers, and other features of the
region. Along the route, continuous current profiles were
made with acoustic Doppler current profiler (ADCP) and
conductivity-temperature-depth (CTD) casts were made at
the end points of each zigzag leg.
[11] Mean monthly upwelling winds were obtained from

the NOAA Pacific Fisheries Environmental Laboratory in
Monterey, California. We used data from the 36�S node.
Coastal winds were obtained from a station at Lavapie Point
maintained by the Department of Physics of the A

and Ocean at the University of Concepción. There are no
other wind observations in the region’s coastal waters for
this time period. Sea surface temperature data were from
advanced very high resolution radiometer for 9 December
1998. Images for 10 and 11 December were contaminated
with clouds but suggested surface warming consistent with
the decreasing upwelling wind speeds. A SeaWifs image
from 9 December 1998 was processed using the most recent
algorithms for coastal waters.
[12] An RD Instruments Workhorse (300 kHz) ADCP

was used to make the current velocity profiles. The ADCP
was mounted on a 1.2-m-long catamaran towed several
meters to the side of the ship. Raw data were averaged over
90 s and 1-m bins. Bottom tracking was always on, and
navigation was by GPS. The data were not detided as the
onshore offshore cruise track created nodes similar to tidal
nodes if any were present. This was the first time an ADCP
was used in this region of Chile.
[13] Temperature, oxygen and salinity profiles were made

with a SeaBird 19 CTD. All data where processed using
SeaBird software.
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6. Conclusions
[45] Our limited observations between Valdivia and Con-

cepción during upwelling wind conditions suggest a coastal
area strongly influenced by both local upwelling centers
and the presence of offshore eddies. That, combined with
the influx of runoff into some parts of the region and
variations in heating and mixing, creates variations in
stratification.
[46] This unique combination of forces and geography

result in a complex physical oceanographic situation that
apparently results in extremely high biological productivity.
Regions such as this one are excellent examples of how
carbon, fixed in a coastal upwelling system, is exported
offshore. The highly productive fisheries suggest that much
of the primary production makes its way to higher trophic
levels, but it eventually must be deposited in slope and
trench sediments. Examination of those sediments might
yield new insights into coastal upwelling and carbon
sequestration processes.
[47] The similarities and differences between this region

and the California upwelling regions are striking. It seems
comparative studies would be enlightening.

4. Results

[14] In this section the results of the observations and
other ancillary data are described. First the winds and
remotely sensed data are presented, followed by the subsur-
face observations.
[15] The mean monthly upwelling index (Figure 2a) was

very high in late 1998 relative to other years. The short-term
record (Figure 2b) shows that the upwelling during the year
started in July 1998 and had reached very high values by
December. It is clear that our sampling took place during a
period of steadily increasing upwelling on the monthly
scale. Data from Lavapie Point (Figure 3) indicate a pulse
of strong upwelling winds late on 9 December then two
smaller events on 10–11 December. The consistent wind
stresses over 0.1 N m�2 no doubt led to the upwelling we
observed, and the decreasing stress on the 10 and 11
December would have caused a decrease in wind-induced
upwelling. It should be noted that the cruise was toward the
end of an El Niño period and at the beginning of a La Niña.
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Abstract

Pigment patterns and associated absorption properties of phytoplankton were investigated in the euphotic zone along

two meridional transects in the Atlantic Ocean, between the UK and the Falkland Islands, and between South Africa

and the UK. Total chlorophyll a (TChla=MVChla+DVChla+chlorophyllide a) concentrations and the biomarker

pigments for diatoms (fucoxanthin), nanoflagellates and cyanobacteria (zeaxanthin) appeared to have similar

distribution patterns in the spring and in the autumn in the temperate NE Atlantic and the northern oligotrophic gyre.

Divinyl chlorophyll a levels (prochlorophytes) were greater in spring at the deep chlorophyll maximum in the

oligotrophic gyre, however. Marked seasonal differences were observed in the NW African upwelling region. TChla

concentrations were twice as high in the upper mixed layer in the spring, with the community dominated by diatoms

and prymnesiophytes (190-hexanoyloxyfucoxanthin). A layered structure was prevalent in the autumn where

cyanobacteria, diatoms and prymnesiophytes were located in the upper water column and diatoms and mixed

nanoflagellates at the sub-surface maximum. In the South Atlantic, the Benguela upwelling ecosystem and the Brazil-

Falklands Current Confluence Zone (BFCCZ) were the most productive regions with the TChla levels being twice as

high in the Benguela. Diatoms dominated the Benguela system, while nanoflagellates were the most ubiquitous group in

the BFCCZ. Pigment concentrations were greater along the eastern boundary of the southern oligotrophic gyre and

distributed at shallower depths. Deep chlorophyll maxima were a feature of the western boundary oligotrophic waters,

and cyanobacteria tended to dominate the upper water column along both transects with a mixed group of

nanoflagellates at the chlorophyll maximum.

Absorption coefficients were estimated from spectra reconstructed from pigment data. Although absorption was

greater in the productive areas, the TChla-specific coefficients were higher in oligotrophic regions. In communities that

were dominated by diatoms or nanoflagellates, pigment absorption was generally uniform with depth and attenuating

irradiance, with TChla being the major absorbing pigment at 440 nm and photosynthetic carotenoids (PSC) at 490 nm.

Absorption by chlorophyll c and photoprotective carotenoids (PPC) was much lower. Populations where cyanobacteria

were prevalent were characterized by high PPC absorption, particularly at 490 nm, throughout most of the euphotic

zone. The data suggested that the effect of pigments on the variability of phytoplankton absorption was due primarily

to the variations in absorption by PPC. r 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Spatially extensive investigations have been
coordinated within the UK Atlantic Meridional
Transect (AMT) programme with the purpose of
improving our knowledge of biogeochemical
processes, ecosystem dynamics and food webs
across basin scales in the Atlantic Ocean (Aiken

ties of biogeochemical provinces (Longhurst et al.,
1995), and an objective method was developed to
determine the boundaries of physical provinces
(Hooker et al., 2000). Another objective has been
to conduct ground-truthing measurements of
optical and pigment parameters for the validation
and calibration of SeaWiFS ocean colour data
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et al., 2000). One of the goals of the programme
has been to examine and characterize the proper-

(Hooker and McClain, 2000). In this regard, the
surface distribution pattern of pigments for



transects between the UK and the Falkland
Islands was discussed by Gibb et al. (2000), and
Barlow et al. (in press) have examined the bio-
optical properties of surface pigments in relation
to ocean colour data of absorption and back
scattering for a transect between South Africa and
the UK. Observations of the variability in the
vertical distribution of phytoplankton pigments
and associated absorption properties across
Atlantic basins, however, have not yet been
reported.
Total chlorophyll a (TChla), defined as the sum

of MVChla, DVChla and chlorophyllide a, is used
as a surrogate marker for the abundance of
phytoplankton in the oceans, but other accessory
pigments that can be identified and quantified by
liquid chromatography (Jeffrey et al., 1997)
provide chemotaxonomic information on the
range of phytoplankton groups that make up the
community structure in the Atlantic (Barlow et al.,
1993, in press; Bidigare et al., 1990a; Gibb et al.,
2000). The major role of chlorophyll a is to absorb
light for photosynthesis, but there is also a range
of pigments, such as, chlorophylls b and c plus a
variety of carotenoids, that have a significant
function in extending the light-harvesting spec-
trum in the phytoplankton, thus ensuring optimal
absorption efficiencies (Kirk, 1994). Other carote-
noids, however, serve to protect microalgal cells
against the effects of high irradiances, which may
damage the photosynthetic apparatus, and these
pigments may be termed photoprotective carote-
noids (PPC) (Kirk, 1994).
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4. Discussion

4.1. Phytoplankton communities

The AMT cruises were essentially confined to
investigating only the autumn and spring seasons
in the Atlantic because of the logistical programme
of the research vessel (Aiken et al., 2000). During
AMT-3 (September–October 1996), it was autumn
in the North Atlantic and spring in the south; for
AMT-6 (May–June 1998), it was autumn in the
South Atlantic and spring in the north. Thus, for
the NE Atlantic, the two seasons can be compared
because the cruise tracks were similar (Fig. 1). The
cruise tracks in the southern hemisphere were on
opposite sides of the South Atlantic basin, and
therefore, the communities along the eastern and
western boundaries could be compared, even
though the observations were made in different
seasons.

(Figs. 2 and 3) as well as the distribution pattern
for diatoms (Fuc) and nanoflagellates (Hex+Bu-
t+All+Chlb). Dinoflagellates (Per) were detected
only in the upper water column on the European
shelf during autumn (Fig. 2), but were virtually
undetectable in the spring (Fig. 3). The cyanobac-
terial pattern (Zea) also appeared to be similar for
both seasons, although the concentrations of
divinyl chlorophyll a (prochlorophytes) were
greater in the spring (AMT-6) at the deep
chlorophyll maxima in the oligotrophic gyre
(Figs. 2 and 3). The selected vertical profiles
confirmed the observations of the contoured data,
but provided more detail on subtle differences. The
profiles for 49.681N and 48.451N indicated a more
diverse nanoflagellate community in the temperate
NE Atlantic during autumn (AMT-3) compared to
the spring (AMT-6), with chlorophyll b being
significant in autumn but not in the spring (Figs. 4
and 7). At 29.491N and 28.681N, both commu-
nities displayed a layered structure, typical of
oligotrophic communities, where cyanobacteria
(Zea) and prymnesiophytes (Hex) dominated the
upper 80–100m, and a group of mixed flagellates
were abundant at the chlorophyll maximum and
below (Figs. 4 and 7). Chlorophyll b was most
prominent at the deep maximum during both
seasons, and this was due to the increased
synthesis of divinyl chlorophyll b in prochloro-
phyte cells at depth to maximize their absorption
of low intensity blue light (Fig. 7, 28.681N).
These observations are consistent with other

studies in the North Atlantic. Bidigare et al.
(1990a) and Barlow et al. (1993) reported diatom
dominance during spring bloom investigations
that were conducted early in the season, followed
by a succession to nanoflagellates when key
nutrients declined. The temperate NE Atlantic in
June 1998 corresponded to the end of bloom
conditions, so nanoflagellates were the dominant
organisms. The phytoplankton pattern in the
northern oligotrophic region appears to be con-
sistent during all seasons, because a similar
layering structure of pigments has been demon-
strated in North Atlantic oligotrophic waters by
Claustre and Marty (1995), Babin et al. (1996),
Lazzara et al. (1996) and Goericke (1998). Barlow
et al. (in press) and Gibb et al. (2000) estimated the
contribution of divinyl chlorophyll a to TChla in
the northern gyre can be up to 50% in surface
waters, indicating the importance of prochloro-
phytes. Divinyl chlorophyll a concentrations in
this study were greater at the subsurface maximum
than at the surface, but accounted for similar

proportions at 37–53% for AMT-3 and 31–50%
for AMT-6.

The phytoplankton in the temperate NE Atlan-
tic and the northern oligotrophic gyre appeared to
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have similar characteristics for both the autumn
and spring seasons. TChla levels were similar

proportions at 37–53% for AMT-3 and 31–50%
for AMT-6.
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[1] The global ocean chlorophyll archive produced by the
CZCS was revised using compatible algorithms with
SeaWiFS. Both archives were then blended with in situ
data to reduce residual errors. This methodology permitted a
quantitative comparison of decadal changes in global ocean
chlorophyll from the CZCS (1979–1986) and SeaWiFS
(1997–2000) records. Global spatial distributions and
seasonal variability of ocean chlorophyll were similar, but
global means decreased over the two observational
segments. Major changes were observed regionally:
chlorophyll concentrations decreased in the northern high
latitudes while chlorophyll in the low latitudes increased.
Mid-ocean gyres exhibited limited changes. The overall
spatial and seasonal similarity of the two data records
suggests that the changes are due to natural variability.
These results provide evidence of how the Earth’s climate
may be changing and how ocean biota respond. INDEX

TERMS: 1620 Global Change: Climate dynamics (3309); 4805

Oceanography: Biological and Chemical: Biogeochemical cycles

(1615); 4215 Oceanography: General: Climate and interannual

variability (3309); 1635 Global Change: Oceans (4203); 4275

Oceanography: General: Remote sensing and electromagnetic

processes (0689)

1. Introduction

[2] The Sea-viewing Wide Field-of-view Sensor (Sea-
WiFS) has produced the first multi-year time series of
global ocean chlorophyll observations since the demise of
the Coastal Zone Color Scanner (CZCS) in 1986. Global
observations from 1997–2000 by SeaWiFS combined with
observations from 1979–1986 by the CZCS should in
principle provide an opportunity to observe decadal changes
in global ocean chlorophyll. However, incompatibilities
between algorithms have so far precluded quantitative
analysis. We have developed and applied compatible pro-
cessing methods for the CZCS [Gregg et al., 2002], using
recent advances in atmospheric correction and consistent
bio-optical algorithms to enhance the CZCS archive to
comparable quality with SeaWiFS. Even with careful appli-
cation of modern methodologies, there remain residual
errors deriving from assumptions of atmospheric and oce-
anic optical behavior. We applied blending methodologies
[Gregg and Conkright, 2001], where in situ data observa-
tions are merged with the satellite data, to reduce residual
errors. These re-analyzed, blended data records provide
maximum compatibility and permit, for the first time, a
quantitative analysis of the changes in global ocean chlor-
ophyll from the early-to-mid 1980’s to the present.

2. Methods

[3] Reanalyzed CZCS chlorophyll data (Jan 1979–Jun
1986) [Gregg et al., 2002] and Version 3 SeaWiFS data
(Sep 1997–Dec 2000) were averaged to produce seasonal
means at 1� spatial resolution, and were then blended with
in situ chlorophyll data [Gregg and Conkright, 2001]. In
statistical analyses of these data sets, we excluded compar-
isons in the North Pacific, North Atlantic, and Antarctic
basins poleward of 40� in local autumn and winter, because
of sparse sampling by the CZCS. These were the only
places and times when the lower density sampling of the
CZCS was important in the comparison. Basin and global
means were areally-weighted for both satellite data sets and
only co-located observations were used, to further minimize
problems associated with low sampling density by the
CZCS. Coastal observations (where bottom depth �200 m)
were excluded from the analysis.
[4] Sea surface temperature (SST) and surface mean wind

stress data were obtained from the NOAA/National Center
for Environmental Prediction (NCEP) Reanalysis Project.
The data were averaged over the two observational seg-
ments corresponding to the CZCS and SeaWiFS. Only data
co-located with the ocean color data were used in the
means.

3. Global and Basin Scale Decadal Changes in
Blended Ocean Chlorophyll

[5] Blended satellite/in situ observations indicated that
global ocean chlorophyll has decreased since the CZCS data
record (Table 1). The decreases ranged from about 9% in
autumn (Oct–Dec) to nearly 11% in summer (Jul–Sep). No
significant change was observed in winter (Jan–Mar) or
spring (Apr–Jun). Seasonal temporal patterns between the
blended satellite chlorophyll records were similar, indicat-
ing a global maximum in spring/summer and a minimum in
winter/autumn. The annual mean global change was �6.1%
from the early 1980’s to the present.
[6] Much of the global decrease was due to changes in

the high latitudes (Figure 1). Blended SeaWiFS data were
more than 10% lower than blended CZCS in the North
Pacific and Atlantic basins in summer (Figure 1). The
southern mid-ocean basins, South Indian, South Pacific,
and South Atlantic, all exhibited significant decreases in
blended chlorophyll in spring and summer, to nearly 28% in
the South Pacific.
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5. Summary

[17] The CZCS global ocean chlorophyll archive was
reanalyzed using compatible atmospheric correction and
bio-optical algorithms with SeaWiFS. This permitted, for
the first time, a quantitative comparison of the decadal
trends in global ocean chlorophyll from 1979- mid-1986
to the present (Sep 1997–Dec 2000). Blending of both
archives with available coincident in situ data improved the
residual errors of each data record and provided further

GREGG AND CONKRIGHT: DECADAL CHANGES IN GLOBAL OCEAN CHLOROPHYLL

Table 1. Global ocean chlorophyll concentrations (mg m�
3

) and

standard deviations from the blended CZCS record (1979–1986)

and the modern blended SeaWiFS record (1997–2000), and the

percent change (SeaWiFS-CZCS). *An asterisk indicates statistical

significance at P < 0.05.

Winter
(Jan–Mar)

Spring
(Apr–Jun)

Summer
(Jul–Sep)

Autumn
(Oct–Dec)

CZCS 0.232±0.359 0.250±0.402 0.288±0.431 0.242±0.412
SeaWiFS 0.225±0.309 0.245±0.375 0.257±0.347 0.221±0.296
% difference �2.8 �2.1 �10.7* �8.6*

Figure 1. Seasonal differences between blended SeaWiFS and blended CZCS chlorophyll in the 12 major oceanographic
basins [Gregg et al., 2002]. Equatorial basins are between �10� and 10� latitude, the North Pacific and North Atlantic are
north of 40�, and Antarctic is south of �40�. The other basins fall within these limits. Differences are expressed as blended
SeaWiFS-blended CZCS. An asterisk indicates the difference is statistically significant at P < 0.05.

latitudes increased. Mid-ocean gyres exhibited limited
changes. These results may indicate facets of climate
change, some of which may be related to regional oscil-
lation behavior such as the PDO and ENSO. Some of the
decadal changes can be attributed to observed changes in
SST or meteorological forcing, but some cannot. We believe
that this reanalysis of the CZCS and SeaWiFS archives
enables identification of some aspects of decadal change,
and provides a marker of how the Earth’s climate may be
changing and how ocean biota respond.

compatibility. The analysis of the two chlorophyll records
indicated large similarity in the global spatial distributions
and seasonal variability. This included the extent and spatial
structure of the mid-ocean gyres, the equatorial upwelling
regions, and the bloom-recede dynamics of the high lat-
itudes. There were also many decadal changes indicated in
the analysis of the archives. Global chlorophyll concentra-
tions indicated a decrease from the CZCS record to the
present, of about �6%. Larger reductions occurred in the
northern high latitudes. Conversely, chlorophyll in the low

[7] The low latitude oceanographic basins, in contrast,
generally exhibited an increase in chlorophyll from the
CZCS period (Figure 1). Three of these basins (North
Indian, Equatorial Indian, Equatorial Atlantic) showed
major increases for the blended SeaWiFS. An exception
was the equatorial Pacific in winter, summer, and autumn.
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